In this paper we propose the study of the photoproduction of charmoniumlike states in pp collisions at RHIC and LHC energies and estimate the rapidity distribution and total cross sections for the production of the exotic hadrons Y (3940), X(3915), Z(4430) and Zc(3900). We demonstrate that the experimental analysis of this process can provide complementary and independent checks on these states, and help to understand their underlying nature.
I. INTRODUCTION
In the past eleven years a series of charmoniumlike states X, Y, Z has been announced at various experimental facilities (For recent reviews see, e.g., Refs. [1] [2] [3] ). These exotic mesons are a class of hadrons that decay to final states that contain a heavy quark and a heavy antiquark but cannot be easily accommodated in the remaining unfilled states in the cc level scheme. One of the most interesting exotic states are the charged states, e.g. Z(4430) and Z c (3900), that clearly have a more complex structure than cc pair, being natural candidates for molecular or tetraquarks states.
So far, most of the available experimental and theoretical investigations of the charmoniumlike exotic candidates have been focused on the spectrum and decays or the production in e + e − collisions. In order to decipher the nature of these states, more accurate data and new processes involving these states would be equally important. The search of X, Y, Z charmoniumlike states by other production processes will not only confirm these observed states, but also will be useful to study their underlying structures. In the last years, the study of the production of exotic hadrons in proton -proton [4] , heavy ion [5] and photon -hadron [6] [7] [8] [9] collisions was proposed by several authors. In particular, the results obtained in Refs. [6, 8] for the photoproduction of charged charmoniumlike states Z(4430) and Z c (3900) indicate a large enhancement of the cross section near the threshold, which could be considered a signature for the existence of these states in γp collisions. Unfortunately, as the DESY -HERA ep collider stopped its operations in 2007, the experimental analysis of these states in photon -hadron collisions was not possible and remains an open question.
In recent years we proposed the analysis of photon induced interactions in hadronic collisions as an alternative way to study the QCD dynamics at high energies [10] . The basic idea is that in this interactions the total cross section for a given process can be factorized in terms of the equivalent flux of photons into the hadron projectile and the photon-photon or photon-target production cross section. The main advantages of using hadron -hadron collisions for studying photon induced interactions are the high equivalent photon energies and luminosities that can be achieved at existing accelerators (For a review see Ref. [11] ). In Ref. [12] we estimated the production of some exotic states in γγ interactions considering pp collisions at LHC energies and demonstrated that the experimental analysis of these states is, in principle, feasible. A similar conclusion was obtained in Ref. [13] for P bP b collisions. In this paper we will demonstrate that the study of γp interactions at the RHIC and LHC can also provide complementary and independent checks on the properties of the exotic states, and help to understand their underlying nature. In this paper, we obtain, for the first time, an estimate of the photoproduction of the charmoniumlike states Y (3940), X(3915), Z(4430) and Z c (3900) in proton -proton collisions at the RHIC and LHC. As we will show in the following, the prospect to observe these states is rather promising and thus an experimental analysis is strongly motivated. This paper is organized as follows. In the next section we present a brief review of photon -hadron interactions in hadron -hadron collisions. In Section III we discuss the photoproduction of exotic charmoniumlike states and present the assumptions of the formalism used in our calculations. In Section IV we present our predictions for the rapidity distribution and total cross sections for the photoproduction of the exotic hadrons Y (3940), X(3915), Z(4430) and Z c (3900) in pp collisions at RHIC and LHC energies. Finally, in Section V we present a summary of our main conclusions.
II. PHOTON -HADRON INTERACTIONS IN pp COLLISIONS
Lets consider a hadron-hadron interaction at large impact parameter (b > R h1 + R h2 ) and at ultra relativistic energies. In this regime we expect the dominance of the electromagnetic interaction. In heavy ion colliders, the heavy nuclei give rise to strong electromagnetic fields due to the coherent action of all protons in the nucleus, which can interact with each other. In a similar way, it also occurs when considering ultra relativistic protons in pp(p) colliders. The photon stemming from the electromagnetic field of one of the two colliding hadrons can interact with one photon of the other hadron (γγ process) or can interact directly with the other hadron (γh process). For photon -hadron interactions the total cross section for a given process can be factorized in terms of the equivalent flux of photons of the hadron projectile and the photon-target production cross section [11] . In the particular case of the photoproducion of a charmoniumlike state H c in a hadron-hadron collision, the total cross section is given by
where h 1 = h 2 = p, ⊗ represents a rapidity gap in the final state and h 3 = p or n depending if the interaction is mediated by a neutral (ω) or a charged (π + ) particle, respectively. Moreover, dσ i /dY is the rapidity distribution for the photon-target interaction induced by the hadron h i (i = 1, 2), which can be expressed as
. (2) where ω is the photon energy,
is the equivalent photon flux, W 2 γh = 2 ω √ s NN and s NN are the c.m.s energy squared of the photon -hadron and hadron-hadron system, respectively. In what follows we assume that the photon spectrum of a relativistic proton is given by [14] ,
The pp → pJ/Ψπ + n process through the Pomeron exchange.
where
2 and γ L is the Lorentz factor. The experimental separation for such events is relatively easy, as photon emission is coherent over the hadron and the photon is colorless we expect the events to be characterized by intact recoiled hadron (tagged hadron) and the presence of a rapidity gap (For a detailed discussion see [11] ). Moreover, the detection of the neutron in the final state can be useful to separate the events associated to the production of a charged charmoniumlike state. Finally, it is important to emphasize that as the photon spectrum decreases with energy approximately like 1/ω, the main contribution for the total cross section, Eq. (1), comes from the small ω behaviour of the photon spectrum where we are probing the photon -hadron cross section at low values of the center-of-mass energy.
III. PHOTOPRODUCTION OF EXOTIC CHARMONIUMLIKE STATES
The main input in our calculations is the photonhadron cross section for the production of the of exotic charmoniumlike state σ γp→Hc . Currently the unique available predictions in the literature [6] [7] [8] [9] were obtained considering an effective Lagrangian approach combined with the vector meson dominance (VMD) assumption [15] . In this approach the interaction is described in terms of a meson exchange, which is neutral/charged for the production of neutral/charged exotic charmoniumlike states. In what follows we briefly review the main assumptions of the approach proposed in Refs. [6] [7] [8] [9] , with particular emphasis in the production of the Z c (3900) + . The results for the other exotic states are obtained in a similar way.
Considering the approach proposed in Ref. [8] the photoproduction of the Z c (3900) + in pp collisions is described by the diagram presented in Fig. 1(a) , where we also represent the decay of the exotic meson in a J/Ψ+π + final state, which we assume to be the dominant channel. The basic idea is that the photon stemming from the electromagnetic field of one of the incident protons fluctuates into a J/Ψ which interacts with the other proton through the π + exchange producing a neutron n and a Z c (3900)
+ state which decays in the J/Ψ + π + system. Assuming the VMD model to describe the coupling between the intermediate vector meson and the photon, an effective Lagrangian to describe the coupling between the pion and the nucleons and another describing the Z c J/Ψπ coupling, the squared amplitude for the process γp → Z + c n can be expressed by (See Ref. [8] for details)
where q is the four momentum of the pion exchanged and
with the couplings g πN N , e/f J/Ψ and g ZcJ/Ψπ being respectively determined assuming that g [16] . Moreover, the form factors F πN N and F ZcJ/Ψπ are given by
6) where we assume Λ π = 0.7 GeV and Λ Zc = M J/Ψ for the cut-offs. The resulting γp cross section is strongly enhanced close to the threshold [8] .
This formalism can be directly extended to take into account the Z c decay in the J/Ψ+π final state. However, as this final state can also be produced in a γp interaction through the Pomeron exchange, we should include this background in our calculations. In Fig. 1(b) we present a typical diagram for the background contribution. Following Ref. [17] we assume that the Pomeron behaves like an isoscalar photon with C = +1. The corresponding amplitude has a Regge-like energy dependence ∝ s αIP(t)−1 , where α IP (t) = 1 + ∆ + α ′ t is the Pomeron trajectory, ∆ is the Pomeron intercept, α ′ = 0.25 GeV and t is the exchanged Pomeron momentum squared. In Fig. 2 (a) we present our predictions for the energy dependence of the γp → J/Ψπn cross section considering the signal (π+IP) and background (IP) contributions. We obtain that the resulting cross section for the γp → J/Ψπn process is dominated by the signal for W γp ≤ 20 GeV, in agreement with the results presented in Ref. [8] .
A similar analysis can also be performed for the photoproduction of the Z (4430) + . The main differences are that we assume that the coupling of the photon occurs with a Ψ ′ instead of the J/Ψ and that the dominant decay channel of the Z (4430) + is in a Ψ ′ + π + system. Following Ref. [6] we also assume a Z(4430) with J P = 1 − quantum numbers. However, we expect to obtain similar results for a state with J P = 1 + . As in the Z c (3900) + case, we obtain in Fig. 2(b) that the σ(γp → Ψ ′ πn) is dominated by the signal at small values of the γp centerof-mass energy, with a strong enhancement close to the threshold, reproducing the results presented in Ref. [6] for Λ Z→Ψ ′ π = 45 MeV and g ZΨ ′ π = 2.365 GeV −1 . Finally, for the photoproduction of the neutral charmoniumlike states Y (3940) and X(3915) we assume that these states are 0 ++ and 2 ++ states, that the cross sections for the signals are described in terms of a ω exchange and that these states decay into a J/Ψ + ω. It is important to emphasize that distinctly from the production of charged states, for the case of neutral states, the proton target remains intact in the final state. Consequently, [7, 9] . It is important to emphasize that for these states the total cross section do not have a resonancelike structure close to the threshold, with the signal being larger than the background for W γp ≤ 50 (20) GeV for the Y (3940) (X(3915)) photoproduction.
IV. RESULTS
Lets initially calculate the rapidity distribution and total cross section for the photoproduction of the charged charmoniumlike states Z c (3900) and Z(4430). The distribution on rapidity Y of the hadron H c of mass M Hc in the final state can be directly computed from Eq. (1), by using its relation with the photon energy ω, i.e. Y ∝ ln (ω/M Hc ). Explicitly, the rapidity distribution is written down as,
where ω L (∝ e −Y ) and ω R (∝ e Y ) denote photons from the h 1 and h 2 hadrons, respectively. As the photon fluxes, Eq. (3), have support at small values of ω, decreasing exponentially at large ω, the first term on the right-hand side of the Eq. (7) peaks at positive rapidities while the second term peaks at negative rapidities. Consequently, given the photon flux, the study of the rapidity distribution can be used to constrain the photoproduction cross section for a given energy. Moreover, the total rapidity distributions for pp collisions will be symmetric about midrapidity (Y = 0).
In Fig. 3 we present our predictions for the rapidity distribution for the production of a J/Ψ + π final state in pp collisions at RHIC ( √ s = 0.2 TeV) and LHC ( √ s = 14 TeV) energies considering the diagrams presented in Figs. 1 (a) and (b) . The cross section for the background, associated to the Pomeron exchange, has been estimated considering two different values for the Pomeron intercept ∆ = 0 and 0.08, which determines its energy dependence. At RHIC energy these two predictions for the Pomeron contribution are almost identical, while at LHC they differ by almost 10 % at Y = 0. We predict that the signal dominates the rapidity distributions for large values of the rapidity |Y |, where we are probing the γp cross section at small values of the c.m. energy. The resonancelike structure present in the γp cross section, which is a signature of the Z + c production, can be directly probed at |Y | ≥ 2.0 (5.5) at RHIC (LHC) energy. A similar behaviour is predicted in the rapidity distribution for the photoproduction of the Z(4430) + . Our predictions for the photoproduction of the neutral charmoniumlike state Y (3940) decaying into a J/Ψ + ω state are presented in Fig. 4 . In this case we predict that the signal is larger than the background at all values of rapidity. In particular, we predict that the signal is larger by a factor ≥ 5 at Y = 0 . A similar conclusion is reached for the X(3915).
In Table I we present our predictions for the total cross sections for the different final states discussed above. In particular, we present the predictions for the background contributions as well as for the signals which take into account the production of different exotic charmoniumlike states. We predict that the cross sections are of O(nb) for RHIC and LHC energies. It is important to emphasize that similar numbers are obtained for the Tevatron energy. For the charged states the signal is larger than the background by a factor ≥ 1.6, being about three for the RHIC energy. In order to estimate the number of events in pp collisions at LHC, we assume the design luminosity L = 10 7 mb −1 s −1 . Consequently, we predict O(10) events/second for these processes.
V. CONCLUSIONS
During the last decade a rich spectroscopy of charmoniumlike states that do not fill into the remaining unassigned levels for cc charmonium states has emerged. However, several questions still remain to be answered. In this paper we have proposed, for the first time, the study of the photoproduction of exotic charmoniumlike states in pp collisions at RHIC and LHC energies. Considering an effective Lagrangian description for the photon -hadron interaction we have derived an estimate of the production rates for these particles. Our results show that the resulting cross sections for the Y (3940), X(3915), Z(4430) and Z c (3900) photoproduction at the RHIC energy are at 1 nb level, while at LHC are larger by roughly one order of magnitude. Taking into account the design luminosity at the LHC the number of events has been estimated. Our results indicate that these four exotic states could be copiously produced. Consequently, we believe that study of these states at RHIC and LHC is feasible and will provide valuable information on hadron spectroscopy as well as hadron interactions. Finally, measurements of these exotic states at RHIC and LHC will supplement the results obtained at e + e − colliders, and thus allow to explore the nature of the states.
